. It is important to select an effective antibiotic in experimental therapy because of the high susceptibility rate, complications and the imposition of treatment costs in pediatric UTIs (3) . Although fluoroquinolones are unsuitable for people under the age of 18, due to increased resistance to cephalosporin, these antibiotics can be used to treat of UTIs caused by E. coli and multidrug-resistant Gram-negative bacteria in patients aged 1-17 years (4) . Although the use of these antibiotics is limited in children, fluroquinolone resistant strains are abundant. According to previous reports, the resistance to ciprofloxacin in strains of E. coli isolated from children with UTI has increased from 1% to 10% and 0.6% to 4% between 2002 and 2009 (5) . E. coli and K. pneumonia are of the most important fluoroquinolones resistant pathogens (6) . The topoisomerase II and IV enzymes are involved in bacterial genome replication, and are the main target of fluoroquinolones. The fluoroquinolones, by inhibiting the activity of these enzymes, inhibit the synthesis of bacterial DNA (7) . The DNA gyrase consists of two subunits that are coded as gyrA and gyrB. The topoisomerase IV and consists of two subunits encoded by parC and parE genes. Mechanisms of resistance to quinolones include; 1) mutation in the quinolone resistance-determining region (QRDR) of DNA gyrase and topoisomerase IV, 2) intracellular reduction of the drug due to increased expression of efflux pumps or enhanced cell wall impermeability, and 3) production of plasmid-mediated quinolone resistance genes. The main mechanism of resistance is due to mutations in the QRDR region of DNA gyrase and topoisomerase IV. The common location for mutation in E. coli and K. pneumonia is the gyrA gene. Most mutations have been detected in the limited region of QRDR that codes the amino acids 67 to 106. The most common mutations in the gyrA gene occur in the nucleotides 248 and 260, which cause changes in the amino acids of ser83 and Asp87; and the most common mutations in the parC gene are in the nucleotides 238 and 250, which cause changes in the amino acids of ser80 and Glu84 (8) (9) (10) . In position 83 of the gyrA gene, the amino acid serine is usually replaced by leucine, followed by ser83val and ser83Ala; these alterations increase the Minimum Inhibitory Concentrations (MIC) value of ciprofloxacin. The higher MIC value for ciprofloxacin usually occurs due to mutations in ser83 and Asp87. The frequency of mutations in the QRDR region of gyrA and parC is more common than gyrB and parE. In addition, there is a high level of resistance to fluoroquinolones in isolates with mutations in the QRDR region of parC due to a mutation in gyrA, but the mutations in gyrB and parE have only a complementary role for resistance (7, 9) . Concerning the resistance to fluoroquinolones, the population of children has not yet encountered the challenges of resistance found in adult populations, but it is important to assess the resistance to fluoroquinolones in children; therefore, this study aimed to evaluate E. coli and K. pneumonia isolates as the ciprofloxacin-resistant UTI pathogens in children and to detect the mutations in the gyrA and parC genes and their association with MIC for ciprofloxacin.
Materials and Methods

Bacterial Isolates
This study was performed on all urine specimens of children under 18 years of age who were referred to the İmam Reza Hospital in Kermanshah between 2016 and 2017. The cases were community acquired UTIs. Exclusion criteria were an age of over 17 years, negative urine culture, patients with a colony count less than 10 5 (11) . The urine samples were collected by midstream or urine bags. Following this, bacteriological and biochemical tests were used to detect bacteria in all urine specimens (12) .
The study was approved by the Kermanshah University Ethics Committee (approval number: 2016/241). All patients were hospitalized in an university hospital and a free and informed consent was obtained from each participatnts.
Antibiotic Susceptibility Testing
The susceptibility of isolates to Ciprofloxacin (5 µg), Imipenem (10 µg), Ampicillin (10 µg), Aztreonam (30 µg), Ceftazidime (30 µg), Cefotaxime (30 µg), Ceftriaxone (20 µg), Gentamicin (30 µg), Tobramycin (10 µg) and Cotrimoxazole (25 µg) (MAST, England) was conducted using a disk diffusion test according to the Clinical and Laboratory Standards Institute (CLSI) guidelines (13) . Determination of MIC of Ciprofloxacin (Sigma, USA) was performed by the broth microdilution method according to CLSI criteria (13) . The E. coli ATCC 25922 strain was used as the control strain. The CLSI breakpoints were used for ciprofloxacin susceptibility (susceptible ≤1 µg/mL; resistant ≥4 µg/mL).
PCR Amplification and Sequencing
Bacterial DNA was extracted using a genomic DNA purification kit (SinaClon, Iran). The QRDR of the parC and gyrA genes from susceptible and resistant isolates was amplified by PCR using the specific oligonucleotide primers listed in Table I (14, 15) . The PCR products were detected on 1% agarose gel after electrophoresis, the DNA bands were visualized by GelDoc apparatus (BioRad, USA). All PCR products for the parC and gyrA genes were purified with a PCR purification kit and sequenced (SinaColon, Iran). Sequence data were analyzed for homology with genetic data using the National Center for Biotechnology Information GenBank database (http:/www.ncbi.nlm.nih. gov/BLAST/).
Statistical Analysis
All data were analyzed using statistical methods and SPSS version 20. The correlation between mutations and the ciprofloxacin MIC was investigated by Sperman's, Mann-Whitney and Kruskal-Wallis tests. The chi-square test was used to compare resistance of ESBL producing and nonproducing isolates. Statistical significance was defined as having a p value less than 0.05.
Results
In this study, 66 isolates of E. coli and 12 isolates of K. pneumonia of children aged under 18 years were evaluated. The number of girls and boys was 55 (70.5%) and 23 (29.5%), respectively. The age distribution among the 66 (84.6%) patients with E. coli infections was as follows; 34 (51.5%) were in the age group of 1-6 years, 8 (12.1%) patients were between 7 and 10 years, 9 (13.6%) patients were in the 11-14 years group while the remaining 15 (22.7%) patients were between 15 and 17 years. The age distribution of the 12 (15.4%) patients with K. pneumonia infections was as follows; 10 (83.3%) patients were 1-6 years old, 1 (8.3%) patient was between 7 and 10 years old and 1 (8.3%) was between 15 and 17 years old. The mean age of patients was 6.1±5.59 (maximum of 17 years and minimum of 1 year).
The antibiotic susceptibility pattern to 10 antibiotics and MIC for ciprofloxacin in the 66 isolates of E. coli and 12 isolates of K. pneumoniae are presented in Table II and Figure 1 . The highest antibiotic resistance was observed for ampicillin and cotrimoxazole. E. coli strains showed the lowest resistance to Gentamicin, ciprofloxacin and aztreonam while K. pneumonia isolates exhibited the least resistance to Tobramycin and ciprofloxacin. No resistance to imipenem was found in either bacteria studied.
Of the 78 isolates, 18 (23.07%) were ESBL producers. Of these 18 isolates, 6 (33.3%) were resistant to ciprofloxacin. Resistance to ciprofloxacin in ESBL-producing isolates was higher than isolates without ESBL (p=0.008) (Table III) .
The nucleotide sequence of the QRDR region from gyrA and parC indicated the presence of two mutations in gyrA and two mutations in parC.
DNA sequence analysis of the QRDR of gyrA showed that all isolates of E. coli and K. pneumonia resistant to ciprofloxacin showed mutations in gyrA at codon 83 and codon 87. The results showed that mutations mapped in the parC gene conferring resistance to iprofloxacin were either in the codon Ser80 to Ilu80 or in codon Glut84 to Val 84 for E. coli (Table IV) . Whereas the K. pneumoniae parC mutant conferring resistance to ciprofloxacin was Glut84 to Lysine84 (Table IV) . Table III , the Ser83 → Leu + Asp87 → Asn mutation in the gyrA gene and Ser80 → ILe mutation in the parC gene were the most frequent types in those isolates resistant to ciprofloxacin. Curiously, one of the ciprofloxacin sensitive isolate of E. coli exhibited a mutation in the gyrA gene, but the rest of ciprofloxacin-sensitive E. coli and K. pneumonia had no mutation in the gyrA and parC genes ( Table V) .
As shown in
The MIC value of ciprofloxacin was higher in those isolates with multiple mutations in the gyrA and parC genes compared to isolates with a single mutation in the gyrA gene or without any mutations in the gyrA and parC genes (p=0.001).
The nucleotide sequence data of gyrA and parC have been deposited into the GenBank under the accession number of MH425518, MH425519, MH324489 , MH324490 and MH523403.
Discussion
In this study, the highest antibiotic resistance was observed for ampicillin and cotrimoxazole. Studies in İran have also reported resistance to ampicillin from 88 to 94% and resistance to cotrimoxazole from 63 to 71% for E. coli isolates in pediatric UTIs (2, 16, 17) . It seems that the extensive use of ampicillin and cotrimoxazole as empirical therapy for UTI has resulted in the high resistance of E. coli isolates to these antibiotics in İran (18, 19) . In this and other studies, resistance to imipenem has not been observed in E. coli causing UTI; therefore, this drug is still an effective one in the treatment of UTI (18) .
In the present study, the prevalence of UTI was higher in girls than in boys, which is consistent with other studies (2, 18) , due to the structure and anatomy of the female urogenital system (18) . Since fluoroquinolones are less commonly used in children, they have not yet encountered the resistance problems occurring in adults (20) . Our 
Resistant Sensitive
Klebsiella pneumonia (12) ESBL-producing isolates 0 2
Non ESBL-producing isolates 1 9
Escherichia coli (66)
ESBL-producing isolates 6 10
Non ESBL-producing isolates 4 46 ESBL: Extended-Spectrum Beta-Lactamase findings showed that ciprofloxacin-resistant isolates can also be found in children. A study in Yasuj, İran, reported an increase in the rate of resistance to ciprofloxacin in children (19) . In a study by Domiınguez et al. (21) , 5% of E. coli strains isolated from children were resistant to ciprofloxacin. Other studies in recent years have also documented isolates of quinolone-resistant Enterobacteriaceae in children (22, 23) . Reports from İran and other parts of the world demonstrated a significant correlation between the mutations in the chromosomal gyrA and parC genes and resistance to fluoroquinolones (24, 25) . In the present study, mutations were observed in the gyrA and parC genes among all isolates resistant to ciprofloxacin, and sensitive isolates also lacked mutation in these genes. Further, the average MIC level of fluoroquinolones was higher in those isolates with mutations in comparison to those isolates without mutations (p=0.001), which highlights the important role of mutations in resistance.
Recently, in a report from Spain, a mutation in the gyrA gene was found in isolates from infants, which play a role in resistance to quinolones (26) . In our research, similar to a study by Huang et al. (6) , the results of the sequencing of QRDRs from gyrA showed the presence of Ser83 → Leu + Asp87 → Asn mutations among quinolone-resistant isolates from children, as the most frequent mutations. In this study, the mutations in the gyrA and parC genes were similar to mutations in these genes of strains isolated from the adult population in our previous study (27) . Another study also reported that the Ser83 → Leu + Asp87 → Asn mutation was similar to that of quinolone-resistant isolates from children and adults (6) . In fact, it has been reported that resistant isolates might be transmitted from adults to children (6) . The topoisomerase IV is a secondary target in the Gram-negative bacteria for fluoroquinolones (7) . In those isolates with mutations in the QRDR region of the parC gene, the level of resistance to ciprofloxacin was higher, which is consistent with other studies that reported that the mutation in the topoisomerase IV reduces the sensitivity to quinolones (28) .
In our study, the isolates with multiple mutations in the gyrA and parC genes showed that the MIC value of ciprofloxacin was higher compared to isolates with single or no mutation. These results indicate that multiple mutations are required in these genes to induce high levels of resistance to fluoroquinolones. Faghri et al. (28) reported that it is necessary to have multiple mutations in the gyrA and parC genes for high levels of resistance to fluoroquinolones.
Conclusion
Resistance to ciprofloxacin is high in E. coli isolated from the pediatric population in Iran. Given that the use of ciprofloxacin in pediatric UTIs is limited, the presence of this fluoroquinolone resistance alone cannot be due to antibiotic selective pressure. At the same time, the mutations in the gyrA and parC genes in E. coli isolated from children were similar to those of adults, indicating the possibility of the transference of these resistant isolates from adults to children.
